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Studics on the micrncircuiatory changes in nun-{reezing colld injury were
extended to analogous tynes of vascular Jy fanction in order to determine the
possiblz role of ’.O\,ul. cu.-:u.l,... ory insuiricicncy as a common linal pathway
through which a varicty of cnvironmental factors may contributs to tha severity
of tissue damage., Thez technique of three-aimensional life-like visualization
of the terminal vascuiature by sudden in situ (re2zing was adapt»o for use on
the aars of weanhng rats to investigate the ¢ czrculatory effects of diztary magne~.:
sium deticizncy, This condition was of p(.rticular intorest, since the charact-

cristic erythema of the cars rusembles that in cold injury, the need for mag-
cs3ium has beon found to be increasad in the could, and both conditions have
bun related to mast cell depletion, £ithough venular dilation was shown to
bc the principal caus: of the crythema in both conditions, the vascular de-
rangeme.nt in magnesium delicicncy diffeved {rom the celd-induced dysfunction
in the concomitant do velopment ol arteriolar dilation,

Preliminary obscervations wer2 carriza ovt on immersion ireezing of the
mouse 2ar 0 connmare the resuiting lesierns with those of non-freezing cold in-
' Jdowlon an cwperimental mocel for ropid evalustion of therany in

gy any Lo

frostLitz, 7-.:--;3:):-}':35 at =10°C, to -70°C. Jov 1 se¢c. to 2 min, werz investi-
gated, Irrevorsitlo cirenlat ory 'mp"x aient usaally resulted only after more
than '0 5o, at =20°C. Such lesions ¢zcembled non-frzezing cold injury in
being caaractevizzd by evytiirostasis with some shunting throuﬂb larger vessels

nen il Ay oias of tie frozen tisoulr, L.owever, most Zrterizs and veins

taroced down shiply and became costructzd witnin a short distance alter
enioviny the {rostniticn ra2oion, svgaas:ing (hot segmental spasm ol these
vesadiy moy have contribated to the pathogenctis ischemia,

LIST OF MZT YWORDS FOR INDEXING: Ceid,i .‘ul'y, pathology, bloed.circula-
tion. magnesium,daficicncy, rats, mice, ut -cion,

NCTE: Copice of this report are filed with the Cefense Cocumentation Center,
Building 5. Camcron Station, #lexandria; Virginia. and mav b2 cbtained from
thit apency by quali’ied investigatcrs worlking ‘tnder Government cor ntract,
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Phyciopatholosy of Non-{r.cziny Cold Injury
Contract Mo, DA-19-195-MD-2007

S
Lo

Pirogrese Report: Oct, 1,

Provious studics on non-ircezing cold injury ol the mougsce car nave shown
that the irvoeversible dssue damage 15 a2 concsegquence of local microcirculatory
stasic causced Ly the combincl cifects of arteriolar spasm, uxccosive capillary-
vennlar dilation, and transendothelill leakage of plasma, which lecads to hemo-

-
conc.atration with increaced vigcons roevistance to blood flew' . Cince a
variety of exogencus and vadeoenons faciors arc known te preduce simidlar
mmicrocirculaiory chiznpes, it was of {mtirect to investizate other environmental

genctic reaction. It hag

conlitions which rai-hi potentiat: the coll-in waced patho

already been reported 1

thot derteon, corarnonly vsoed as 2 plasma expander, will

accentuate cold injury in minc, presumably becausce of the associated erythro-

N - . "
cyte aggrcgatxon( ). In 2 s5imil'r manncr, anincreaced viscous resistance to

blood flow recsulting {rom crythrocyte aggregation might account for the poten-
tiation ¢f cold injury by co-existing tiscue damage or a dysproteinemia which
would lower the suspencion stability of the blood,

Th.: present investigation was concerncd particularly with the offects of
dictary magnesium duficicney since this condition produces crythematous
..(3)

lcoions similer to cold injury in the cars of weanling ro , and the necd tor

23)

magnesium during cold exposure ic known to bu greatly incrousc . Morc-

over, in both magnesium deficiency and cold injury, the releasce of vasoactive

(1)(5)(6)

agents from mzst colls may be concerned in the mechanism of tissue domuge,
In order to corrciate the microcirculatory changes during the course of the dee~

ficiency with hictologic findings, the recently devised frecze-fixation technique

for lifc-like visualization of the terminal vasculiture in mouse car

18]

was adopted

for use on rats.
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In addition, preliminary experiments were carried ~ut on the local circu-
latory impairment caused by freczing in the mouse ear to determine the
fecasibility of producing a standard lesion which would be comparatle to the
non-freezing cold injury and might provide a rapid means for evaluating
therapy in frostbite, Also the possible pathogenetic role of plasma proteases
in non-frecziag cnld injury of the mouse ear was investigated by observations
on the loss of metachromasia in ear cartilage,

Materials and M:thods - The rats used for the magnesium deficiency ex-

periment were male weanlings of the Sprague-Lawley strain with a weight
range of 29 to 48 grams. They were kept in individual plastic cages with wire-
mash flooring which kept the animals from contact with the absorbent paper
lining the cage bottom, A Hotpack walk-in environmental chamber served
to maintain the temperature at 22°C, # 0,5°C, The low magnesium diet was
obtained from Nutritional Biochemical Corp,, Cleveland, Ohio, Control
animals received the same diet with a supplemant of 45,1 mg, magnesium
(460 mg, MgSO4 ,7TH20} per 100 gram dict, Food and distilled water were
supplicd ad libitum, All mice were 6 to 8-%ecek-old albino males of the Swiss-
Webster strain housed and fed as in previous studies“)(z).

The technique for life-like in situ fixation of the vasculature of rat ears
by a sudden shower of -70°C, acetone was similar to that described in prior

(1(7)

publications except that subsequent submersion of the animal in a coolant
bath was used to insure complete freezing, Lehydration in tetrahydrofuran
at -15°C, was prolonged from 18 hours to 40 hours, Stercomicrogcopic ex-

amination was carried out on whole mounts of the ears cleared in Canada

balsam. To visualize the plasma, 0.5 ml, of 1,4% Evan's Blue in saline
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was injccteu one minute prior to terr-inaticn,

Histologic sections were prepared from the wk- e mounts for correlative
study by removing the balsam with xylol and ernbedding in paraifin, Other
preparations were fixed in formal corrosive or a 10% solution of formaldehyde
in 75% cthanoi for optimum prescrvation of mast cells, In addition to hema-

(8)

toxyiin and eosin, Wright's stain modificd for tissuc sections' ' was used to

aid in identification of mast cells and to demonstrate the rtactachromasia of
cartilage.

(9.

Vascular and histologic chiunges in th2 ecars of magnesium deficient rats

Th2 vascular and histologic cf{fects of magnesium deficiency were studied
in the cars of 55 weanling rats after 2-14 days on the test diet, Thirty
matched control animals received the same diet suppicmented with magnesium
sulfate, The onset of the reaction occurred 3 to 4 days after the beginning of
deprivation and was characterized by rapidly progressive vasodilation in-
volving arterioles as well as venules and, to 2 lesser extent, capillaries,
There was no cvidence of preceding vasoconstriction. Associated findings were
« protein-rich edema and a predominantly eosirophkilic cellular infiltrarte,
After 5 to 7 days of deprivation vasodilation was maximal and the dominant
ticsue changes were mononuclear ccil infiltrztion and proliferation together
with connective tissue and epidermal hyperplasia, After 7 to 8 days, the ine
flarnmatory process subsided spontancously., However, interstitial {ibrosis
with diffuse thickening of the cars resulted in pallor by 14 days. Degranulation
of mast cells was not prominent, but there appeared to be a slight progressive
decrcase in their number, Intravenous and dictary administration of magnesium
sulfate, after four days of deficienzy, reduced the hyperemia gradually over a
period of more than 2 days, The sudden onsct of the inflammatory process,
the slow regression after magnesium supplementation and the spontancous re-

versal despite continuation of the deficiency, support the coneept that the de-




Iiciency trizgers tae release of an cndozcnous vasoactive factor f2,g. scro-
tonin) which is ultimately exhausted,

Freezing Injury of the Mousz Ear, The ears of mice anesthetized with ether

were frozen for periods of 1 second to 10 minutes by ‘ramersion in liquid
coolant ranging from -13°C to -70°C, Six hours to ¢ days after freczing the
ears were examined to determine the course of the lesions, Exposures of
more than 5 scconds at -25°C,or below resulted in total microcirculatory
ar.est within 6 to 25 hours, After less than 5 seconds at -25°C, or more than
10 seconds at -20°C, there usually was rapid development of confluent capil-

lary-venular erythrostasis with occasional persistence of circulation through

interarteriolar and intervenous communications at the proximal margins of
the frozen tissuz, The principal arteries and veins typically became obstruct-
ed within a short distance after entering he frostbitten region. The lumens :
taperced down sharply proximal to the point of occlusion and dilated again in
the occluled portions, suggesting that segmentai spasm of these vessels at the
border of freezing may have contributed to the pathogenetic circulatory im-
pairment. Exposures of less than 10 seconds at -20°C, or as long as 2 minutes . .
at -18°C, resulted in little or no permanecnt tissue damage, Thus the most
favorable conditions for producing a standard lesion of moderate severity
appeared to be an exposure of 10 to 15 seconds at -20°C,, but even under such
well-defined circumstances the degree of injury was remarkably variable,

Extracellular Protcolysis in the Mediation of Non-freezing Cold Injury. Since

the early vascular as well as connective tissue damage in cold injured ex-
tremitics {s typically focal despite uniform exposure to low temperature, it was
of interest to determine if interstitial activation of focally extravasated plasma
protease was concerned in the pathogenctic mechanism, The action of such

an extracellular proteclytic enzyme is known to be manifested by reduction in
cartilage metachromasia., In a preliminary study on 10 mice, the effect of ex-

posure at 3°C, for 7 days on metachromasia of ear cartilage and vascular




e

lesions was obscrved, At the end of cold exposure the animals were etherized,
an¢ one ear was amputated and frozen at =70°C, after intravenous injection of
Evan's blue dye, while the other ear was fixed in ~cnker-formol., The frozen~
fixed cavs were prepared as cleared whole mounts for sterenmicroscopic
examination of the microvascular changes and the Zenker-fixed ears were
sectioned and staincd with hematouylin and cosin, Lendrum's nicro-Mallory
mecthod {or fibrin, and Bensley's method for metachvomasia, Results were
compzarced wilh those in mice kept at room temperature,

The ears of all cold-exposed mice showed decrzased mctachromasia of
cartilage as wall as extensive capillary-venular leakage, stasis, erythrocyte
extravacatiorr, and segmental {itrinoid necrosis of patent venules, These
results sugz:st that extracellular proteolysis is a factor in cold-induced im-
pairment of cartilage, Further work is needed to determine if a similar
proteolytic mechanism is involved in iibrinoid necrosis and to establish if

the proteascs concerned are derived from the plasma or from lysozomes,

COMMENT
The finlings presented suggest that a capillary-venular insufficiency
analogous to that in non-freezing cold injury constitut2s a common final path
in the pathogenesis of such diverse inllammatory conditions as those caused

by magnesium deprivation or tissue freczing“o). The microcirculatory de-

rangement in magnasium deficiency differs from cold-induced vascular dys-
function in the absence of vasoconstriction, rlowevar, the exaggeratec venular
dilation produces a similar increase in th: ratio between the respective cross-
scctional areas of the venular bed and the corrasponding arteriola: supply

with consequent slowing of venular flow and incrcased transendoth2lial plasma

lecakags., The microvascular derangement in freezing injury resembles that
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of non-freezing cold injury in the predominance of erythrostasis as the ob-
structive procesg, but tirombosis is more common and segmental spasm of
veins as well as arterinles appears to contribuic .5 the production of patho-
genetic ischerria,

Since the mecchanism of tissue damage in magnesium deficiency as well as
in freczing and non-freczing cold injury appears to depend on 2 similar pro-
cressive microvascular impairment, these pathogenctic processes are likaly
to potentinte cach other and their combined effects might r-=:ull In irreversible
ischemia, even when their independent action would be subliminal, A similar
potentiation of circulzator; inscificiency could result from other injurious
factors such as mechanical irriiation and seccondary dacterial infection,

Thus 2 better understanding of this possible common final path in inflammatory
reactions is basic to improving tke gronhy.actic and therapeutic management

of cold injury.
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